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Abstract

Background: Several observational studies have shown that exercise reduces the risk of cognitive decline; however,
evidences from long-term, well-conducted, randomized controlled trials are scanty. The principal aim of this study is
to verify whether a long-term program of multimodal supervised exercise improves the cognitive function and/or
reduces the rate of cognitive decline in older adults at different degrees of risk for dementia.

Methods/design: EPD is a parallel group, double-blind, randomized controlled trial. Community-dwelling volunteers
aged 50 years or more are being recruited from different community centers and screened for eligibility. Enrolled
subjects are being divided in 3 groups: a) without subjective or objective cognitive impairment, b) with subjective
memory complaints, and c) with mild cognitive impairments. Participants in each group (at least 180) are being
randomly assigned (1:1) to an experimental group, performing a supervised training including aerobic and resistance
exercises of moderate/high intensity, or to a control group. Primary outcome will be 48-months changes in Mini
Mental State Examinations. Secondary outcomes will be changes in several cognitive tests including a composite
cognitive score. Time points will be at baseline, and at 6, 12, 24, 36 and 48months. Statistical analysis will be done as
intention to treat, complete case and mixed model analysis.

Discussion: EPD is the first trial to examine the effects of a long exercise program (48 months) on cognitive
performances. If successful, this trial may provide evidence for using long-term and multimodal exercise interventions
for dementia prevention programs in the aging population.

Trial registration: The study is registered at ClinicalTrials.gov with the code NCT02236416.

Keywords: Mild cognitive impairment, Subjective memory complaints, Physical activity, Neuropsychological test, Aging
population

Background
According with the report of the Alzheimer’s Disease
International published in 2015, 46.8 million people are
estimated to live with dementia worldwide, and this
number might reach 131.5 million by 2050 [1]. Conse-
quently, preventing and/or delaying cognitive impair-
ment is a public health priority.
Alzheimer’s disease (AD) is the most common form of

primary dementia and loss of episodic memory is often

an early clinical symptom. The brain changes of AD may
begin 20 or more years before symptoms appear [2],
then identification of preclinical stages and preventive
strategies to delay cognitive decline have become the
focus of recent research. Several studies demonstrated
that AD may be preceded by conditions known as sub-
jective memory complaints (SMC) and/or mild cognitive
impairment (MCI), that may be transitional stages be-
tween normal aging and dementia. SMC indicates a self-
reported memory decline in the absence of pathological
results on neuropsychological tests; it was estimated that
elderly people with SMC have 2.7 times higher risk of
developing dementia [3]. The estimated prevalence of
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MCI ranges from 10 to 20% with a rate of progression
from MCI to dementia that variates from 5 to 20% per
year depending on the examined population [4]. Further-
more, it has been calculated that if we could slow the
progression to dementia in subjects at risk for just 12
months, in the 2050 we could have 9.2 million fewer
cases of AD worldwide [5]. This delay in AD onset can
represent a fundamental strategy, because nowadays AD
is a fatal disease with no effective cure or treatment [6].
Despite the lack of therapies, several studies have

shown that lifestyle modification and reduction of modi-
fiable risk factor for AD offers a promising way of de-
creasing the risk of dementia [7, 8]. Physical inactivity is
considered one of the seven main potentially modifiable
risk factors for AD and explains approximately 13%
(nearly 4.3 million) of AD cases worldwide [9]. However,
some authors have reported that insufficient evidence
exists to confirm the protective role of physical exercise
in preventing AD onset [10]. The randomized controlled
trial (RCT) investigating the effect of exercise on cogni-
tion did not provide definitive results due to the vari-
ation between study designs [11]. Two recent meta-
analyses [12, 13] stated that the positive effects of ex-
ercise on cognition are driven by interventions that
include aerobic exercise. Nevertheless, one of these
two meta-analyses [13] concluded that methodological
limitations of the included studies make the results
interpretable with caution. Overall, the main limita-
tions found in literature concerned the duration of
the interventions that is usually lower than 12 months
and the low standardization of the exercise protocol.
Thus, well-designed RCT are recommendable and ne-
cessary [11, 12].
For these reasons, the aim of the present study is to

verify if a 48-month program of supervised exercise re-
duces the rate of cognitive decline among older adults at
risk of dementia. To the best of our knowledge, this
RCT will represent the first study with such long
duration.

Methods
Trial design
This study was named EPD (Exercise for the Prevention
of Dementia). EPD study is designed as a phase 3, paral-
lel group, double-blind, 1:1 RCT, conducted using the
CONSORT statement (http://www.consort-statement.
org/) as a framework for the development of method-
ology. The paper also adheres to the main aspects of the
SPIRIT guidelines for reporting clinical trial study proto-
cols. The flowchart of the study is reported in Fig. 1.

Participants
Community-dwelling volunteers aged ≥ 50 years, with
sedentary or normally-active lifestyle in accordance with

the definition of Pate et al. [14], are being recruited from
community centers for elderly in Campobasso, Italy. Re-
cruitment methods include advertising, study presenta-
tions at community center, and word of mouth.
Staggered enrollment of participants and relative data
collection started in May 2011 and the estimated com-
pletion date should be May 2019.
Exclusion criteria include: a) short version of Geriatric

Depression Scale (GDS) score > 6 due to the presence of
clinically significant depression [15]; b) alcohol intake of
more than 4 units/day; c) medical conditions that com-
promise survival, such as metastatic cancer, or limit ex-
ercise practice, such as severe cardiac failure; d)
diagnosis of dementia according to International Statis-
tical Classification of Diseases, 10th Revision (ICD-10)
[16]; e) Mini- Mental State Examination (MMSE) age-
education-adjusted score of less than 24 [17]; f ) Clinical
Dementia Rating (CDR) scale score of 1 or more [18]; g)
inability to walk for 6 min without assistance [19]; h) use
of drugs or other substance, or presence of a medical
condition influencing the cognitive function. Eligible
subjects are being divided into 3 category groups: A -
without subjective or objective cognitive impairment; B -
with SMC; and C - with MCI. Subjects in the category
group A show a score < 25 at Memory Complaint Ques-
tionnaire (MAC-Q) [20], and a normal performance at
neuropsychological test battery. Participants in the cat-
egory group B show normal performance at neuro-
psychological test battery, including Rey’s Auditory
Verbal Learning Test (RAVLT) and Prose Memory Test
(PMT) [21], but a score ≥ 25 at MAC-Q. Participants in
the category group C meet the International Working
Group (IWG) diagnostic criteria on MCI [22], and show
MMSE score ≥ 24, CDR score = 0.5 and pathological age-
sex-education-adjusted scores at least one test of neuro-
psychological battery. For more clarity, a schematic rep-
resentation of the groups is reported in Table 1.
This study has been designed and it is being con-

ducted in accordance with the principles of the Declar-
ation of Helsinki. It has been approved by the Local
Ethics Committee and the Agency for Public Health of
Molise Region, and was registered at ClinicalTrials.gov
(NCT02236416). A written informed consent is required
for all participants and the corresponding personal data
are treated according with the Italian Legislative Decree
30 June 2003, n. 196 “Code concerning the protection of
personal data”. The administration of the informed con-
tents was performed by the researchers of the study.

Baseline and successive assessments
The potential eligible participants are invited at the Cen-
ter for Research and Training in Medicine of Aging of
the University of Molise to an in-person assessment that
includes: 1) general conditions and health status, 2)
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Table 1 Criteria for the participants’ categorization

Category groups Criteria

MAC-Q score Neuropsychological tests MMSE and CDR scores

A
Subjects without subjective or objective cognitive impairment

< 25 normal • MMSE ≥24
• CDR = 0.0

B
Subjects with SMC

≥25 normal • MMSE ≥24
• CDR = 0.0

C
Subjects with MCI

Any score At least one pathological score • MMSE ≥24
• CDR = 0.5

SMC Subjective Memory Complaints, MCI Mild Cognitive Impairment, MAC-Q Memory Complaint Questionnaire, MMSE Mini- Mental State Examination, CDR Clinical
Dementia Rating

Fig. 1 Flowchart of the study
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neurocognitive performances, and 3) physical fitness
levels. The three assessments are performed individually
in 3 non-consecutive days. The baseline assessments
were also used to screen the participants to exclude
those that meet exclusion criteria, and to categorize
them in A, B or C category groups. Successively, the as-
sessment sessions are repeated at 6, 12, 24, 36 and 48
months to evaluate the differences among time-points.

General conditions and health status assessment
The following information are collected: socio-
demographic data, that is age, gender, ethnicity, income,
instruction level and marital status; behaviors (e.g. smok-
ing, alcohol consumption); medical history and clinical
conditions, evaluated with a pre-defined check-list; an-
thropometric measures, that is weight, height, body mass
index, waist circumference; blood pressure (checked
with calibrated mercury sphygmomanometers); blood
sample analysis (for assessing the cardiovascular risk),
that is glucose, urea nitrogen, creatinine, total choles-
terol, HDL and LDL cholesterol, triglycerides, transami-
nases, and complete blood count; and medications used.
The blood samples are collected after 12 h of fasting,

between 8 and 10 am, and they are all analyzed in the
central laboratory of the Local Public Health Institute.
Finally, in accordance with the recommendations pro-

posed by the American Heart Association [23], partici-
pants with intermediate or high cardiovascular risk,
following the classification of the ACSM [24], have to
perform an ergometric test, in order to evaluate their ef-
fective eligibility for the proposed procedures.

Neurocognitive assessment
To measure the main cognitive functions of each partici-
pant, a neuropsychological test battery, administered by
trained assessors in blind mode, is used. The battery
consists of the tests described below.
MMSE for global cognitive assessment [17], Frontal

Assessment Battery (FAB) for frontal lobe functions [25];
Rey’s Auditory Verbal Learning Test (RAVLT) [26] and
Prose Memory Test (PMT) for learning and verbal mem-
ory [27]; Attentive Matrices Test for selective visual at-
tention [27]; Raven’s Progressive Matrices for problem
solving ability [28]; Stroop Color Word Interference Test
[29] and Trail Making Test (TMT) version A and B [30]
for cognitive flexibility and ability to shifting; and Copy-
ing of Drawings with and without landmarks for visual-
spatial ability [31].
Furthermore, 15-item Geriatric Depression Scale

(GDS) [15] and the Short-form Health Survey (SF-36)
[32] were used to assess symptoms of depression and life
quality respectively. The MAC-Q [20] was used for the
subjective assessment of the memory complaint. The

tests of the neuropsychological battery are administered
in a fixed order with alternative form [33].

Physical fitness level assessment
The level of physical activity of each participant is
assessed with the Physical Activity scale for the Elderly
(PASE) [34] that is a questionnaire consisting of 12 items
quantifying physical activity performed during leisure,
household, and/or occupational activities.
The overall physical condition is evaluated by the

American Alliance for Health, Physical Education, Re-
creation, and Dance (AAHPERD) fitness battery [35], in-
cluding the following tests: Sit and Reach Test, for
measuring flexibility of the trunk/leg; Agility Test, for
testing agility and dynamic balance; Soda Pop Test, for
the assessment of the oculo-manul coordination; Arm
Curl Test, that measures muscular strength/endurance
of the upper body; Six minutes walking test (replacing
the half-mile walking ability test) for the assessment of
the cardiorespiratory fitness.

Procedures
After the baseline assessments, the subjects in each cat-
egory group (A, B and C) is identified by a progressive
number and randomly assigned in a ratio of 1:1 to experi-
mental or control group, using a list of random numbers
generated by a statistical software (SPSS). The list was
kept in a sealed envelope and a researcher, not directly in-
volved in the recruitment and in the evaluation of the par-
ticipants, assigned the allocation numbers.

Experimental group (EG)
Participants randomized to the experimental group are
asked to participate in one-hour exercise classes, three
times a week, for 48 months. The classes, with a max-
imum of 12 participants, are organized in the rooms of
the University Sports Center of the University of Molise
and are led by experienced instructors trained to supply
the same program in each class. Exercise program is in-
dividualized based on physical function, physical fitness
level, health status, and exercise responses.
Exercise intensity are measured according to the

Borg’s Rating of Perceived Exertion (RPE), a 6-to-20
points scale [36] on which a score < 11 is considered an
effort equal to a light exercise, 12–13 to a moderate ex-
ercise, and 14–17 to a vigorous exercise [37]. The RPE
scales were extensively used and demonstrate moderate
to strong validity compared with other measures of car-
diorespiratory exercise intensity, such as percent of the
maximal oxygen uptake (% VO2max), percent of the max-
imum heart rate (% HRmax), and blood lactate concen-
trations [37]. The training program and RPE system
were chosen and designed to be easily reproducible at
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home, to promote a physical active life-style also after
the end of the study.
The exercise programs offer a wide variety of exercises

including aerobic, strengthening/endurance (resistance),
and flexibility (stretching) exercises. Each session con-
sists of a warm-up, aerobic, resistance, cool-down and
stretching phase.
The warm up phase lasts 5–10 min and consists of

light-to-moderate intensity (RPE 10–12) aerobic activity.
During this phase, fitness ergometers, such as treadmill
and/or stationary bicycle, or walking/jogging activities
are used to activate the biggest muscular groups. Then,
the aerobic phase lasting 15–20 min is performed by
treadmill, stationary bike, arm-cycle ergometer and/or
running. Duration and intensity of exercise are gradual
over time, starting with multiple bouts (< 2 min) of light
to moderate intensity (RPE max 12–13) exercises up to
two 10-min bouts of moderate to vigorous exercise (RPE
max 16–17), after several week of training. Subsequently,
the resistance phase, lasting 20–25min and involving
the principal muscular groups of limbs and trunk, is car-
ried out by bodyweight exercises (calisthenics) and
dumbbells up to 2 kg. Duration and intensity are also
progressive over time, starting with 2 series of 10 repeti-
tions (RPE max 11–12) up to 6 series of 20 fast repeti-
tions (RPE max 14–16), for each muscular group.
Finally, the stretching phase, lasting less than 10 min,
consists in flexibility exercises for each major muscle/
tendon groups. Participants are invited to stretch to the
point of feeling tightness or slight discomfort, hold a
static stretch for 20–30 s and repeat the exercise 2–3
times for each muscle/tendon group.
The instructors monitor exercise intensity during all

sessions taking care of the needs of the participants.
Participants with a number of absences > 50% are con-

sidered not adherent to the training.

Control group (CG)
Participants assigned to this group will be strongly
encouraged to keep their usual life-style, or continue
their usual physical activity, generally of low intensity,
consisting in long walks, and/or stretching, toning
and/or balance exercises, or posture education. Con-
trol subjects changing the PA intensity from light
(RPE < 11) to moderate or vigorous (RPE > 12) are ex-
cluded from the group.

Adverse effects
Participants are asked about the presence of any adverse
effects, such as musculoskeletal pain or discomfort, at
each exercise session, and are monitored for symptoms
such as angina and shortness of breath during the exer-
cise classes.

Outcomes
The primary outcome of the study will be 48-month
change in MMSE scores. Secondary outcome will be 48-
month change in neuropsychological test scores, includ-
ing FAB, RAVLT, PMT, Stroop Color Word Interference
Test, Attentive Matrices, Raven’s Progressive Matrices,
TMT, Copying of Drawings with and without landmarks,
and in GDS, SF-36, MAC-Q, PASE and AAHPERD fit-
ness scores. Another outcome measure will be a com-
posite cognitive score, which will be calculated for
assessing the overall changes in cognitive performance.
Each cognitive score will be standardized into a z score,
by subtracting the baseline mean and dividing by the
baseline standard deviation of the group. Regarding tests
with more than 1 part, the standardization will be per-
formed for each individual part. All z scores will be then
averaged to calculate the composite cognitive score at
each of the five time points (baseline, and 12, 24, 36 and
48months). A positive score will point out a gain in cog-
nitive performance, while a negative score a loss.

Sample size calculation
Sample size calculations were based on the findings of
previous studies and were performed separately for each
category group. For heathy group, considering that
MMSE scores decline 0.3 points in 4 years, we consid-
ered 0.6 points the minimal clinically important differ-
ence and used a Standard Deviation (SD) of 1.2 [38]. For
SMC group, since that annual decline in MMSE score
vary between 0.46 and 1.32 and that SD may vary be-
tween 1.48 and 2.6 [39], we considered 1.3 points the
minimal clinically important difference and used a SD of
2.6. For MCI group, considering that the annual decline
in MMSE score vary between 0.1 and 1.1 [40] and that
SD may vary between 0.3 and 3.2 [41], we considered
1.6 points the minimal clinically important difference
and used a SD of 3.2. Considering the percentage of
drop-outs in previous similar studies and the length of
the present study, we assumed a 30% attrition rate.
Using an α level of less than 0.05, 90 participants per
arm group will guarantee a power of 0.80.

Blinding
The staff involved in collection of outcome measures
and the data analysis is blinded to randomization assign-
ment. During each follow-up evaluation, participants
and examiners cannot provide or request information
about the exercise program that subjects are performing.

Randomization
After the baseline assessment, the participants of each
category groups A, B and C were randomly assigned to one
of the two groups (CG and EG) by using 1:1 blind
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randomization. For the randomization, a scheme generated
via a computerized random number generator was used.

Statistical analysis
Data will be analysed using the SPSS statistical software
package (IBM, v.20.0, Chicago, IL, USA). Variables will
be examined for outliers and extreme values by means
of box and normal quantile-quantile plots, Shapiro-
Wilk’s and Kolmogorov-Smirnov’s tests. When normal
distribution cannot be accepted, the transformed vari-
able (square, square root, logarithmic, reciprocal of
square root or reciprocal transformations) will be
reviewed. For normally distributed continuous variables,
arithmetic means and SDs will be calculated, while for
not normally distributed continuous variables, median,
25th and 75th percentiles will be calculated, according
to the shaped distributions of two groups, as assessed by
visual inspection of population pyramids. Sampling
homogeneity (or baseline differences between groups)
will be examined by means of chi-square (χ2) for cat-
egorical variables, independent-samples t-test for nor-
mally distributed variables and Mann-Whitney U test for
not normally distributed variables. Differences between
groups (experimental group vs. control group) and
changes in the cognitive performance during the trial
will be evaluated by means of Repeated Measures Ana-
lysis of Covariance (RM-ANCOVA) in the intention to-
treat and complete-case analyzes, or with Linear Mixed
Model analysis (LMM). The evaluations in the different
time-points will be considered as the within-subjects fac-
tor whereas the two groups will be considered as be-
tween factor. Age, education level and gender will be
included as covariates. The assumptions of equality of
variances and sphericity will be assessed by means of
Levene’s test and Mauchly’s test, respectively. The
Greenhouse-Geisser or the Huynh-Feldt correction will
be applied if the assumption of sphericity will be vio-
lated. Post-hoc independent-samples t-test will be per-
formed to detect significant differences among trial
conditions.
A p-value < 0.05 will be considered statistically

significant.

Discussion
We present the design of the ongoing EPD Study. To
the best of our knowledge, this RCT represents the first
long-duration study analyzing the effects of a structured,
individualized and multi-modal exercise programs in
older adults with different risk of dementia. The hypoth-
esis is that engaging in a supervised program of exercise,
consisting of aerobic/resistance training performed for
60 min, 3 times a week for 48 months could be effica-
cious in averting or at least slowing the memory decline
in subjects with different risk of dementia, from normal

(with low risk), to SMC (with moderate risk), up to MCI
(with high risk) subjects.
Results from the EPD trial will be reported according

to the CONSORT guidelines (http://www.consort-state-
ment.org/) to exceed the limits related to the poor meth-
odological quality of many previous RCT. We intend to
complete data collection in May 2019 to carry out a
study with a larger population sample and to verify if the
positive effect of exercise continues beyond the first 6–
12months, that usually is the maximal duration of exer-
cise interventions in the previous studies [42].
The main strengths of this study are its randomized

prospective design, the utilization of community-
dwelling elderly people, the long period of intervention,
and the adequate sample size. Other important merits of
this study are the high reproducibility and the home-
based nature of the intervention.
Furthermore, the proposed exercise program involves

multiple components of fitness including aerobic,
strength, balance and flexibility training, and such multi-
modal approach is expected to give the best results on
cognitive function, compared to aerobic exercise alone, as
suggested by previous study and meta-analysis [43–46].
Concerning the mechanism by which exercise could

influence cognition, the actual evidences do not allow
definitive answers. Several potential mechanisms could
contribute to improve brain health and cognitive per-
formance as suggested by Kennedy et al. [47]: promotion
of cardiovascular health, production of Brain Derived
Neurotrophic Factor (BDNF), improvement of insulin
sensitivity, reduction of stress and inflammation. All
these potential pathways can have a role by which exer-
cise may maintain or improve cognitive functioning, es-
pecially in the context of the aging brain. The review of
Kennedy et al. [47] also stated that a greater understand-
ing of these mechanisms is necessary to provide poten-
tial biomarkers for investigating the efficacy of differing
exercise regimes on cognitive outcomes. In fact, the ab-
sence of univocal biomarkers or parameters to assess ef-
fects of exercise on brain health represents another
important problem in this particular field of research
that make difficult the comparability of the different
studies outputs. Another problem is the variability of the
results obtained in the different study of literature:
Landrigan et al., [48] in a recent meta-analysis, investi-
gated the effect of resistance exercise on cognition, and
they concluded that resistance training appears to have
positive effects on cognition, but future researches are
needed to determine why the effects are so variable. Fi-
nally, no evidences exist concerning the “optimal dose of
exercise” in order to have benefit on cognition, and stud-
ies are needed comparing the effects of trainings with
different session duration and frequency as suggested by
Sanders et al. [49].

Iuliano et al. BMC Public Health          (2019) 19:659 Page 6 of 9

http://www.consort-statement.org/
http://www.consort-statement.org/


However, despite these difficulties, different authors
supported the hypothesis that exercise can have an im-
portant role in promoting brain health [50]. The first im-
portant role can be the prevention of dementia onset due
to the amelioration of several cardiovascular risk factors,
such as diabetes, hypertension, obesity and depressive
symptoms, which are recognized as a reversible risk factor
for dementia [51]. The second role of the exercise is a dir-
ect effect on brain health: in fact, exercise appears to have
a beneficial effect in preserving neurogenesis [52, 53], and
favoring neuroplasticity [54]. Furthermore, beneficial ef-
fects of exercise were demonstrated on secondary demen-
tia such as dementia inducted by Chronic Obstructive
Pulmonary Disease [55].
Nevertheless, despite the increasing interest on the ex-

ercise effects on brain health, some authors claimed that
the protective effects of exercise on dementia or cogni-
tive impairment may be overvalued [56, 57]. Also, previ-
ous studies showed overall that physical fitness levels are
not strongly correlated with cognitive performance [58].
This discrepancy in author opinions and results suggests
that further high-quality studies, and interventional
studies including long follow-up periods and high repro-
ducible exercise interventions, are necessary.
The EPD trial will: (a) evaluate the effectiveness of

multimodal exercise program of 48 months in improv-
ing neurocognitive functions in individuals aged 50
years or older at different risk of AD; (b) identify the
category of subjects and the cognitive function that
gets the best benefits from such modality of exercise;
c) examine the possible mechanisms by which exer-
cise improve cognition.
In conclusion, this study, if successful, may repre-

sent an affordable and safe method to demonstrate
that exercise represents a protective tool to delay the
onset of dementia and the cognitive impairment in
older adults at risk, such as subjects with SMC or
MCI. Results of this study are expected to have im-
portant public health implications and a profound im-
pact on future AD prevalence.

Abbreviations
AAHPERD: American Alliance for Health, Physical Education, Recreation, and
Dance; AD: Alzheimer’s Disease; CDR: Clinical Dementia Rating; EPD: Exercise
for Prevention of Dementia; FAB: Frontal Assessment Battery; GDS: Geriatric
Depression Scale; MAC-Q: Memory Complaint Questionnaire; MCI: Mild
Cognitive Impairment; MMSE: Mini- Mental State Examination; PASE: Physical
Activity scale for the Elderly; PMT: Prose Memory Test; RAVLT: Rey’s Auditory
Verbal Learning Test; RCT: Randomized Controlled Trial; SD: Standard
Deviation; SF-36: Short-form Health Survey; SMC: Subjective Memory
Complaints; TMT: Trail Making Test

Acknowledgements
EPD Study group is composed by: Giovanna Aquino, Vittorio Arcari, Lorenzo
Buongusto, Giuseppina Cavallo, Mario Faraone, Nicola Ferrara, Mariella
Filangieri, Melissa Fiscarelli, Sandro Iavarone, Francesca Iannetta, Stefano
Moffa, Pasquale Mignogna, Giovannangelo Oriani, Federica Palombo, Tina

Panichella, Silvia Pedata, Bruno Petti, Marilinda Spaziano, Maurizio Taglialatela,
Roberto Valente.

Authors’ contributions
ADC designed and supervised the study; EI, AdC, AC, GF and GC participated
in the elaboration of the protocol. EI, AA, RDA, SC, GC, GF, and EPD Study
Group participated/are participating in the acquisition of data, administration
of experimental protocols, and administration of assessment tests; EI, AC and
ADC drafted the manuscript. EI and ADC will analyze the data. All authors
have read and have approved the final manuscript.

Funding
This study is carried out with the financial support the Molise Region (D.D. n.
207 of 07/12/2010). Regione Molise is an Italian governmental entity, and
this funding source had no role in the design of this study and during its
execution, analyses, interpretation of the data, or decision to submit results.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
This study has been designed and it is being conducted in accordance with
the principles of the Declaration of Helsinki. It has been approved by the
Local Ethics Committee (University Bioethics Committee of University of
Molise; 26119_II/1) and the Agency for Public Health of Molise Region and
was registered at ClinicalTrials.gov (NCT02236416). A written informed
consent is required for all participants and the corresponding personal data
are treated according with the Italian Legislative Decree 30 June 2003, n. 196
“Code concerning the protection of personal data”.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Faculty of Psychology, eCampus university, Via Isimbardi 10, 22060
Novedrate, Italy. 2Department of Medicine and Health Sciences, University of
Molise, Via F. De Sanctis 1, 86100 Campobasso, Italy. 3Department of
Movement, Human and Health Sciences, University of Rome “Foro Italico,
Piazza Lauro De Bosis 6, 00135 Rome, Italy. 4Center for Research and Training
in Medicine of Aging, Department of Medicine and Health Sciences,
University of Molise, Via F. De Sanctis 1, 86100 Campobasso, Italy.

Received: 11 April 2019 Accepted: 22 May 2019

References
1. Prince M, Wimo A, Guerchet M, Ali GC, Wu YT, Prina M, Alzheimer’s Disease

International. World Alzheimer Report 2015: The Global Impact of Dementia:
An analysis of prevalence, incidence, cost & trends 2015. https://www.alz.co.
uk/research/WorldAlzheimerReport2015.pdf. Accessed 18 Feb 2019.

2. Villemagne VL, Burnham S, Bourgeat P, Brown B, Ellis KA, Salvado O, Szoeke
C, Macaulay SL, Martins R, Maruff P, Ames D, Rowe CC, Masters CL. Amyloid
β deposition, neurodegeneration, and cognitive decline in sporadic
Alzheimer’s disease: a prospective cohort study. Lancet Neurol. 2013;12:357–
67. https://doi.org/10.1016/S1474-4422(13)70044-9.

3. Wang L, Van Belle G, Crane PK, Kukull WA, Bowen JD, McCormick WC,
Larson EB. Subjective memory deterioration and future dementia in people
aged 65 and older. J Am Geriatr Soc. 2004;52:2045–51. https://doi.org/10.
1111/j.1532-5415.2004.52568.x.

4. Langa KM, Levine DA. The diagnosis and Management of Mild Cognitive
Impairment. JAMA. 2014;312:2551. https://doi.org/10.1001/jama.2014.13806.

5. Brookmeyer R, Johnson E, Ziegler-Graham K, Arrighi HM. Forecasting the
global burden of Alzheimer’s disease. Alzheimers Dement. 2007;3:186–91.
https://doi.org/10.1016/j.jalz.2007.04.381.

6. Alzheimer’s Association. 2017 Alzheimer’s disease facts and figures.
Alzheimers Dement. 2017;13:325–73.

7. Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary
prevention of Alzheimer’s disease: an analysis of population-based data.

Iuliano et al. BMC Public Health          (2019) 19:659 Page 7 of 9

https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf
https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf
https://doi.org/10.1016/S1474-4422(13)70044-9
https://doi.org/10.1111/j.1532-5415.2004.52568.x
https://doi.org/10.1111/j.1532-5415.2004.52568.x
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1016/j.jalz.2007.04.381


Lancet Neurol. 2014;13:788–94. https://doi.org/10.1016/S1474-
4422(14)70136-X.

8. Clare L, Wu YT, Teale JC, MacLeod C, Matthews F, Brayne C, Woods B.
Potentially modifiable lifestyle factors, cognitive reserve, and cognitive
function in later life: A cross-sectional study. PLoS Med. 2017;14:e1002259.
https://doi.org/10.1371/journal.pmed.1002259.

9. Barnes DE, Yaffe K. The projected effect of risk factor reduction on
Alzheimer's disease prevalence. Lancet Neurol. 2011;10:819–28. https://doi.
org/10.1016/S1474-4422(11)70072-2.

10. Daviglus ML, Plassman BL, Pirzada A, Bell CC, Bowen PE, Burke JR, Connolly
ES, Dunbar-Jacob JM, Granieri EC, McGarry K, Patel D, Trevisan M, Williams
JW. Risk factors and preventive interventions for Alzheimer disease: state of
the science. Arch Neurol. 2011;68:1185–90. https://doi.org/10.1001/
archneurol.2011.100.

11. Farina N, Rusted J, Tabet N. The effect of exercise interventions on cognitive
outcome in Alzheimer’s disease: a systematic review. Int Psychogeriatr. 2013;
26:1–10. https://doi.org/10.1017/S1041610213001385.

12. Panza GA, Taylor BA, MacDonald HV, Johnson BT, Zaleski AL, Livingston J,
Thompson PD, Pescatello LS. Can exercise improve cognitive symptoms of
Alzheimer's disease? J Am Geriatr Soc. 2018;66:487–95.

13. Zheng G, Xia R, Zhou W, Tao J, Chen L. Aerobic exercise ameliorates
cognitive function in older adults with mild cognitive impairment: a
systematic review and meta-analysis of randomised controlled trials. Br J
Sports Med. 2016;50:1443–50. https://doi.org/10.1136/bjsports-2015-095699.

14. Pate RR, O’Neill JR, Lobelo F. The evolving definition of “sedentary”. Exerc
Sport Sci Rev. 2008;36:173–8. https://doi.org/10.1097/JES.0b013e3181877d1a.

15. Almeida OP, Almeida SA. Short versions of the geriatric depression scale: a study
of their validity for the diagnosis of a major depressive episode according to ICD-
10 and DSM-IV. Int J Geriatr Psychiatry. 1999;14:858–65. https://doi.org/10.1002/
(SICI)1099-1166(199910)14:10<858::AID-GPS35>3.0.CO;2-8.

16. World Health Organization. International Statistical Classification of Diseases
and Related Health Problems. 10th ed; 1992. http://www.who.int/
classifications/icd/ICD-10_2nd_ed_volume2.pdf. Accessed 18 Feb 2019

17. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12:189–98. https://doi.org/10.1016/0022-3956(75)90026-6.

18. Morris JC. The clinical dementia rating (CDR): current version and scoring
rules. Neurology. 1993;43:2412. https://doi.org/10.1212/WNL.43.11.2412-a.

19. Enright PL. The six-minute walk test. Respir Care. 2003;48:783–5.
20. Crook TH, Feher EP, Larrabee GJ. Assessment of memory complaint in age-

associated memory impairment: the MAC-Q. Int Psychogeriatrics. 1992;4:
165–76. https://doi.org/10.1017/S1041610292000991.

21. Abdulrab K, Heun R. Subjective memory impairment. A review of its
definitions indicates the need for a comprehensive set of standardised and
validated criteria. Eur Psychiatry. 2008;23:321–30. https://doi.org/10.1016/j.
eurpsy.2008.02.004.

22. Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO,
Nordberg A, Bäckman L, Albert M, Almkvist O, Arai H, Basun H, Blennow K,
de Leon M, DeCarli C, Erkinjuntti T, Giacobini E, Graff C, Hardy J, Jack C,
Jorm A, Ritchie K, van Duijn C, Visser P, Petersen RC. Mild cognitive
impairment--beyond controversies, towards a consensus: report of the
international working group on mild cognitive impairment. J Intern Med.
2004;256(3):240–6. https://doi.org/10.1111/j.1365-2796.2004.01380.x.

23. Myers J, Arena R, Franklin B, Pina I, Kraus WE, McInnis K, Balady GJ.
Recommendations for clinical exercise laboratories: a scientific statement
from the American Heart Association. Circulation. 2009;119:3144–61. https://
doi.org/10.1161/CIRCULATIONAHA.109.192520.

24. Thompson WR, Gordon NF, Pescarello LS. ACSM’s guidelines for exercise testing
and prescription. 8th ed. Philadelphia: Lippincott Williams & Wilkins; 2010.

25. Appollonio I, Leone M, Isella V, Piamarta F, Consoli T, Villa ML, Forapani E,
Russo A, Nichelli P. The frontal assessment battery (FAB): normative values
in an Italian population sample. Neurol Sci. 2005;26:108–16. https://doi.org/
10.1007/s10072-005-0443-4.

26. Rey A. L’examen clinique en psychologie. Paris: Presses universitaires de
France; 1958.

27. Spinnler H, Tognoni G. Italian standardization and classification of
neuropsychological tests - the Italian group on the neuropsychological
study of aging. Ital J Neurol Sci. 1987;6:1–120.

28. Raven J. The Raven’s progressive matrices: change and stability over
culture and time. Cogn Psychol. 2000;41:1–48. https://doi.org/10.1006/
cogp.1999.0735.

29. Koss E, Ober BA, Delis DC, Friedland RP. The Stroop color-word test:
Indicator of dementia severity. Int J Neurosci. 1984;24:53–61. https://doi.org/
10.3109/00207458409079534.

30. Reitan RM. Validity of the trail making test as an indicator of organic brain
damage. Percept Mot Skills. 1958;8:271–6. https://doi.org/10.2466/PMS.8.7.271-276.

31. Gainotti G, Miceli G, Caltagirone C. Constructional apraxia in left brain-
damaged patients: a planning disorder? Cortex. 1977;13:109–18. https://doi.
org/10.1016/S0010-9452(77)80002-6.

32. Ware JE, Gandek B. Overview of the SF-36 health survey and the
international quality of life assessment (IQOLA) project. J Clin Epidemiol.
1998;51:903–12. https://doi.org/10.1016/S0895-4356(98)00081-X.

33. Blumenthal JA, Smith PJ, Welsh-Bohmer K, Babyak MA, Browndyke J, Lin P,
Doraiswamy PM, Burke J, Kraus W, Hinderliter A, Sherwood A. Can lifestyle
modification improve neurocognition? Rationale and design of the
ENLIGHTEN clinical trial. Contemp Clin Trials. 2013;34:60–9. https://doi.org/
10.1016/j.cct.2012.09.004.

34. Washburn RA, McAuley E, Katula JA, Mihalko SL, Boileau RA. The physical
activity scale for the elderly (PASE): evidence for validity. J Clin Epidemiol.
1999;52:643–51. https://doi.org/10.1016/S0895-4356(99)00049-9.

35. Osness WH. Functional fitness assessment for adults over 60 years (a field
based assessment). 2nd ed. revised. Reston (Virginia): Kendall/Hunt
Publishing; 1996.

36. Borg GA, Noble BJ. Perceived exertion. Exerc Sport Sci Rev. 1974;2:131–54.
37. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM,

Nieman DC, Swain DP. Quantity and quality of exercise for developing and
maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in
apparently healthy adults: guidance for prescribing exercise. Med Sci Sports
Exerc. 2011;43:1334–59. https://doi.org/10.1249/MSS.0b013e318213fefb.

38. Starr JM, Deary IJ, Inch S, Cross S, MacLennan WJ. Age-associated cognitive
decline in healthy old people. Age Ageing. 1997;26:295–300. https://doi.org/
10.1093/ageing/26.4.295.

39. Chamberlain SR, Blackwell AD, Nathan PJ, Hammond G, Robbins TW,
Hodges JR, Michael A, Semple JM, Bullmore ET, Sahakian BJ. Differential
cognitive deterioration in dementia: a two-year longitudinal study. J
Alzheimers Dis. 2011;24:125–36. https://doi.org/10.3233/JAD-2010-100450.

40. van Rossum IA, Vos SJB, Burns L, Knol DL, Scheltens P, Soininen H, Wahlund
LO, Hampel H, Tsolaki M, Minthon L, L’Italien G, van der Flier WM, Teunissen
CE, Blennow K, Barkhof F, Rueckert D, Wolz R, Verhey F, Visser PJ. Injury markers
predict time to dementia in subjects with MCI and amyloid pathology.
Neurology. 2012;79:1809–16. https://doi.org/10.1212/WNL.0b013e3182704056.

41. Nickl-Jockschat T, Kleiman A, Schulz JB, Schneider F, Laird AR, Fox PT,
Eickhoff SB, Reetz K. Neuroanatomic changes and their association with
cognitive decline in mild cognitive impairment: a meta-analysis. Brain Struct
Funct. 2012;217:115–25. https://doi.org/10.1007/s00429-011-0333-x.

42. Öhman H, Savikko N, Strandberg TE, Pitkälä KH. Effect of physical exercise
on cognitive performance in older adults with mild cognitive impairment or
dementia: a systematic review. Dement Geriatr Cogn Dis. 2014;38:347–65.

43. Smith PJ, Blumenthal JA, Hoffman BM, Cooper H, Strauman TA, Welsh-
Bohmer K, Browndyke JN, Sherwood A. Aerobic exercise and
neurocognitive performance: a meta-analytic review of randomized
controlled trials. Psychosom Med. 2010;72:239–52. https://doi.org/10.1097/
PSY.0b013e3181d14633.

44. Kelly ME, Loughrey D, Lawlor BA, Robertson IH, Walsh C, Brennan S. The
impact of exercise on the cognitive functioning of healthy older adults: a
systematic review and meta-analysis. Ageing Res Rev. 2014;16:12–31. https://
doi.org/10.1016/j.arr.2014.05.002.

45. Iuliano E, di Cagno A, Aquino G, Fiorilli G, Mignogna P, Calcagno G, Di
Costanzo A. Effects of different types of physical activity on the cognitive
functions and attention in older people: a randomized controlled study. Exp
Gerontol. 2015;70:105–10. https://doi.org/10.1016/j.exger.2015.07.008.

46. Iuliano E, Fiorilli G, Aquino G, Di Costanzo A, Calcagno A, di Cagno A.
Twelve-week exercise influences memory complaint but not memory
performance in older adults: a randomized controlled study. J Aging Phys
Act. 2017;25:612–20. https://doi.org/10.1123/japa.2016-0249.

47. Kennedy G, Hardman RJ, MacPherson H, Scholey AB, Pipingas A. How does
exercise reduce the rate of age-associated cognitive decline? A review of
potential mechanisms. J Alzheimers Dis. 2016;55:1–18. https://doi.org/10.
3233/JAD-160665.

48. Landrigan JF, Bell T, Crowe M, Clay OJ, Mirman D. Lifting cognition: a meta-
analysis of effects of resistance exercise on cognition. Psychol Res. 2019;
epub ahead of print. https://doi.org/10.1007/s00426-019-01145-x.

Iuliano et al. BMC Public Health          (2019) 19:659 Page 8 of 9

https://doi.org/10.1016/S1474-4422(14)70136-X
https://doi.org/10.1016/S1474-4422(14)70136-X
https://doi.org/10.1371/journal.pmed.1002259
https://doi.org/10.1016/S1474-4422(11)70072-2
https://doi.org/10.1016/S1474-4422(11)70072-2
https://doi.org/10.1001/archneurol.2011.100
https://doi.org/10.1001/archneurol.2011.100
https://doi.org/10.1017/S1041610213001385
https://doi.org/10.1136/bjsports-2015-095699
https://doi.org/10.1097/JES.0b013e3181877d1a
https://doi.org/10.1002/(SICI)1099-1166(199910)14:10<858::AID-GPS35>3.0.CO;2-8
https://doi.org/10.1002/(SICI)1099-1166(199910)14:10<858::AID-GPS35>3.0.CO;2-8
http://www.who.int/classifications/icd/ICD-10_2nd_ed_volume2.pdf
http://www.who.int/classifications/icd/ICD-10_2nd_ed_volume2.pdf
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1212/WNL.43.11.2412-a
https://doi.org/10.1017/S1041610292000991
https://doi.org/10.1016/j.eurpsy.2008.02.004
https://doi.org/10.1016/j.eurpsy.2008.02.004
https://doi.org/10.1111/j.1365-2796.2004.01380.x
https://doi.org/10.1161/CIRCULATIONAHA.109.192520
https://doi.org/10.1161/CIRCULATIONAHA.109.192520
https://doi.org/10.1007/s10072-005-0443-4
https://doi.org/10.1007/s10072-005-0443-4
https://doi.org/10.1006/cogp.1999.0735
https://doi.org/10.1006/cogp.1999.0735
https://doi.org/10.3109/00207458409079534
https://doi.org/10.3109/00207458409079534
https://doi.org/10.2466/PMS.8.7.271-276
https://doi.org/10.1016/S0010-9452(77)80002-6
https://doi.org/10.1016/S0010-9452(77)80002-6
https://doi.org/10.1016/S0895-4356(98)00081-X
https://doi.org/10.1016/j.cct.2012.09.004
https://doi.org/10.1016/j.cct.2012.09.004
https://doi.org/10.1016/S0895-4356(99)00049-9
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1093/ageing/26.4.295
https://doi.org/10.1093/ageing/26.4.295
https://doi.org/10.3233/JAD-2010-100450
https://doi.org/10.1212/WNL.0b013e3182704056
https://doi.org/10.1007/s00429-011-0333-x
https://doi.org/10.1097/PSY.0b013e3181d14633
https://doi.org/10.1097/PSY.0b013e3181d14633
https://doi.org/10.1016/j.arr.2014.05.002
https://doi.org/10.1016/j.arr.2014.05.002
https://doi.org/10.1016/j.exger.2015.07.008
https://doi.org/10.1123/japa.2016-0249
https://doi.org/10.3233/JAD-160665
https://doi.org/10.3233/JAD-160665
https://doi.org/10.1007/s00426-019-01145-x


49. Sanders LM, Hortobágyi T, la Bastide-van Gemert S, van der Zee EA, van
Heuvelen MJ. Dose-response relationship between exercise and cognitive
function in older adults with and without cognitive impairment: a
systematic review and meta-analysis. PLoS One. 2019;14:e0210036.

50. Macpherson H, Teo WP, Schneider LA, Smith AE. A life-long approach to
physical activity for brain health. Front Aging Neurosci 2017;9:PMC5440589.
doi: https://doi.org/10.3389/fnagi.2017.00147.

51. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D,
Ballard C, Banerjee S, Burns A, Cohen-Mansfield J, Cooper C, Fox N, Gitlin
LN, Howard R, Kales HC, Larson EB, Ritchie K, Rockwood K, Sampson EL,
Samus Q, Schneider LS, Selbæk G, Teri L, Mukadam N. Dementia prevention,
intervention, and care. Lancet. 2017;2017:S0140–6736 (17)31363–6. https://
doi.org/10.1016/S0140-6736(17)31363-6.

52. Yau SY, Gil-Mohapel J, Christie BR, So KF. Physical Exercise-Induced Adult
Neurogenesis: A Good Strategy to Prevent Cognitive Decline in
Neurodegenerative Diseases? Biomed Res Int. 2014;2014:403120.

53. Ma CL, Ma XT, Wang JJ, Liu H, Chen YF, Yang Y. Physical exercise induces
hippocampal neurogenesis and prevents cognitive decline. Behav Brain Res.
2017;317:332–9.

54. Hötting K, Röder B. Beneficial effects of physical exercise on neuroplasticity
and cognition. Neurosci Biobehav Rev. 2013;37:2243–57. https://doi.org/10.
1016/j.neubiorev.2013.04.005.

55. Aquino G, Iuliano E, di Cagno A, Vardaro A, Fiorilli G, Moffa S, Di Costanzo A,
De Simone G, Calcagno G. Effects of combined training vs aerobic training
on cognitive functions in COPD: a randomized controlled trial. Int J Chron
Obstruct Pulmon Dis. 2016;11:711–8. https://doi.org/10.2147/COPD.S96663.

56. Morgan GS, Gallacher J, Bayer A, Fish M, Ebrahim S, Ben-Shlomo Y. Physical
activity in middle-age and dementia in later life: findings from a prospective
cohort of men in caerphilly, South Wales and a meta-analysis. J Alzheimers
Dis. 2012;31:569–80.

57. Lamb SE, Sheehan B, Atherton N, Nichols V, Collins H, Mistry D, Dosanjh S,
Slowther AM, Khan I, Petrou S, Lall R. Dementia and physical activity (DAPA)
trial of moderate to high intensity exercise training for people with
dementia: randomised controlled trial. BMJ. 2018;361:k1675. https://doi.org/
10.1136/bmj.k1675.

58. Iuliano E, di Cagno A, Aquino G, Pistone MP, Tsopani D, Calcagno G, Di
Costanzo A, Fiorilli G. Relationship between physical activity and cognitive
decline in aging. Medicina dello Sport. 2016;69:151–61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Iuliano et al. BMC Public Health          (2019) 19:659 Page 9 of 9

https://doi.org/10.3389/fnagi.2017.00147
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/j.neubiorev.2013.04.005
https://doi.org/10.1016/j.neubiorev.2013.04.005
https://doi.org/10.2147/COPD.S96663
https://doi.org/10.1136/bmj.k1675
https://doi.org/10.1136/bmj.k1675

	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods
	Trial design
	Participants
	Baseline and successive assessments
	General conditions and health status assessment
	Neurocognitive assessment
	Physical fitness level assessment

	Procedures
	Experimental group (EG)
	Control group (CG)

	Adverse effects
	Outcomes
	Sample size calculation
	Blinding
	Randomization
	Statistical analysis

	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

